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INTRODUCTION
Alloying of silver with other metals was motivated in the past mainly by the idea to improve its tarnish resistance [1, 2] . Cadmium and indium were regarded as appropriate metals for such purposes, because they do not tarnish and are light colored. The alloying of silver with indium improves not markedly its tarnish resistance but pattern formation has been observed on the cathode surface [3] . Later, similar formation of spatio-temporal structures, as a result of the selforganization phenomena in reaction-diffusion systems have been observed and studied during coelectrodeposition of silver with antimony [4] , bismuth [5] , tin [6] and indium [7, 8] .
The silver-indium and silver-cadmium alloy systems have not achieved any special practical importance, but the silver-cadmium system is of considerable academic interest, because of the large variety of formed phases [9] [10] [11] [12] [13] [14] [15] . There are not any known reports about formation of spatio-temporal structures on the electrode surface. However, the experience with the electrodeposition of some other silver alloy coatings allows the assumption of the possible existence of similar structures in this system. Examples of structure formation as a result of selforganization phenomena could be observed in different physical, chemical, biological etc. systems [16] [17] [18] [19] [20] and the electrochemical methods allow their investigation in well defined and controlled conditions.
The aim of the present investigation is to find out the conditions for self-organized structure formation during electrodeposition of silver-cadmium alloys.
EXPERIMENTAL
The composition of the electrolyte for deposition of the alloy coatings is shown in Table1. The electrolytes were prepared using chemicals of pro analisi purity and distilled water.
The CV experiments were performed in a 100 cm 3 tri-electrode glass cell at room temperature. The working electrode (area 1 cm 2 ) and the two counter electrodes were made from platinum. An Ag|AgCl reference electrode (ȿ Ⱥg|AgCl = 0.197 V vs. HE) was used. The reference electrode was placed in a separate cell filled with 3 M KCl solution (Merck), connected to the electrolyte cell by a Haber-Luggin capillary through an electrolyte bridge containing also 3 M KCl solution.
The experiments were performed at room temperature by means of a computerized potentiostat/galvanostat (GAMRY Reference 600) using PHE 200, version 5.5 software (Gamry Instruments).
The Hull experiments were performed in a 25 cm 3 Hull cell onto copper substrates (5 x 3.5 cm) with a platinized Ti anode with a c.d. of 100, 200 or 300 mA for 10 minutes.
The alloy coatings with thickness between 5-7 Pm were deposited onto copper cathodes with an area of 2 x 1 cm in the cell for CV experiments. The preliminary preparation of the copper cathodes includes a standard procedure of electrochemical degreasing followed by pickling in a 20% solution of sulphuric acid. In order to avoid the contact deposition of silver, the cathode was immersed into the electrolyte under current. Two platinum counter electrodes (about 4 cm 2 each) were used.
The elemental composition on the coating surface was measured by EDAX.
The X-ray spectra were measured in the 2ș range between 20°-140° with Cu KĮ irradiation.
The surface morphology was studied by SEM and optical microscopy. Figure 1 shows CV curves of an electrolyte containing both metals separately or together. Deposition of Ag (black curve 1) is characterized by the cathodic maximum at a potential of -1.0 V. The coating deposited during the cathodic period dissolves in the anodic period and a broad anodic current maximum around -520 mV is observed. This shape of curve is a typical for this concentration of silver and the respective quantity of free cyanide [21] . Silver is supposed to be deposited in this electrolyte from the complex with the instability constant of 2,1x10 -21 [22] . 3 4 )
RESULTS AND DISCUSSION

(CN Ag
The deposition of cadmium (curve 2) is characterized by one cathodic maximum at about -960 mV and one anodic peak with maximum at about -212 mV. The higher rates of the reactions of reduction and oxidation compared to pure silver are due to the higher concentration of the metal ions in the solution.
Two cyanide complexes of cadmium are possible in this electrolyte -and with instability constants of 5x10 -16 and 1.41x10 -19 , respectively [22] . The molar ratio of the cyanide ions to the cadmium ones is 4:1 (this is a minimum molar ratio, ensuring the clearness of the cyanide cadmium electrolyte) and therefore it could be supposed, that the deposition of cadmium is realized from a complex with four cyanide ligands.
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The first cathodic maximum in the alloy electrolyte appears at about -600 mV (curve 3) and corresponds to the deposition of silver at more positive potentials than in the absence of cadmium probably because of using of all the free cyanide in the electrolyte in the formation of the cadmium complex. This would correspond to the deposition of silver from the dicyanoargentate complex [21] . The deposition of the alloy from this electrolyte is of regular type according to Brenner and the cadmium content in the coatings increases with an increase in the current density.
The concentration of the metal ions in the solution was chosen similar to the electrolytes for deposition of silver-indium alloys where a structure formation is observed according to a linear relationship between the concentration ratio of both metals in the electrolyte and the applied current density [7, 8] .
Current densities of 100, 200 and 300 mA were applied in a 25 cm 3 Hull-cell. Deposition of structured heterogeneous coatings was observed on the surface of the electrode in the current density region between 1.0 and 2.5 A.dm -2 (Figures 2 and 3) . Fig. 2 . 100 mA cell current; Fig. 3 .
mA cell current
At low current density (about 1 Adm -2 ) dark spots are observed on the surface (Figure 2a, 3a) . At increased current density the spots organize they (Figure 2b, 3b) to develop into waves and spiral structures at higher current densities (Figures 2c, 3c ). The existence of structures and waves of different scale was also observed as a part of the structures on the surface of the coating (Figure 5c ). The XRD-spectrum of the sample of Figure 5 is presented in Figure 6 . Surprisingly only reflexes of the Cd 3 Ag phase were observed in spite of the believed multiphase heterogeneity of the coatings. Possibly there is a very strong preferred orientation of the crystallites of the hexagonal Cd 3 Ag phase leading to this result.
CONCLUSION
Silver is deposited predominantly from the investigated electrolyte in which a molar ratio of cyanide to cadmium ions of at least 4:1 should be kept in order to ensure its clearness.
Depending on the electrolysis conditions it is possible to obtain structures on the electrode surface with considerably different morphology.
The reproducible formation and observation of the self-organization phenomenon is possible without any preliminary treatment of the electrolyte.
